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Figure 1.1: Bushing for glass ber spinning.
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Figure 1.2: Bamboo-structure of used R thermocouple (negative branch).
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Figure 1.3: Examples of bamboo-structure.
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Figure 2.1: Preparation process of the Platinum specimens.
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Table 2.1: Summary of the Platinum specimens.
Ingot No. Weight Forging R.R.R. Thickness?nal reduction?
UPP-2 2Kg  | 1.0mm(90%)
UPP-3 2Kg  | 0.5mm(95%), 1.5mm(85%)
UPP-4 5Kg

 1200 1.0mm(90%)
UPP-5 5Kg
 ? 1200 1.0mm(90%)
UPP-6 5Kg  | 1.0mm(90%)
UPP-8 2Kg  | 1.0mm(90%)
UPP-9 2Kg  | 1.0mm(90%), 5.0mm(75%)
IND 10Kg ? | 1.0mm(90%)
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Figure 2.2: Outline of the creep furnace and creep testing system.
Figure 2.3: Initial shape of the creep specimen.
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Figure 2.4: An example of the creep curve.
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Figure 2.5: Temperature stability and its distribution in the creep furnace.
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Table 2.2: Uncertainty budget of creep test.
Source of Uncertainty Value Distribution Divisor 
Temperature distribution of the furnace 20K rectangular(
p
3) 0.06%/1K 0.69%
Temperature stability of the furnace 5K rectangular(
p
3) 0.06%/1K 0.17%
Temperature dierence between furnace 10K rectangular(
p
3) 0.06%/1K 0.35%
Uncertainty of the measuring system 5K normal() 0.06%/1K 0.30%
Uncertainty of the thermocouple 3.5K normal() 0.06%/1K 0.21%
Traceability to ITS-90 <2K normal() 0.06%/1K <0.12%
Uncertainty of the clock in PC <1min./1week normal() | <0.01%
Uncertainty of the laser distance meter 0.1mm normal() 2.63%/mm 0.26%
Deformation except for the specimen 2mm/year normal() | <0.01%
Vibration disturbance | rectangular(
p
3) From the curve <0.50%
Gravity at the place 0.05MPa rectangular(
p
3) 1.00%/1MPa 0.05%
Mass measurement of weights and holders <0.1% rectangular(
p
3) | 0.10%
Stress change due to the elongation Max.4.76%(assumption) rectangular(
p
3) | 2.75%
Combined uncertainty(1) | normal() | 3.02%
????????????????????????????????????2.1??
?????????????????????????????
p
0:69
2
+ 0:17
2
+ 0:35
2
+ 0:30
2
+ 0:21
2
+ 0:12
2
+ 0:01
2
+ 0:26
2
+ 0:01
2
+ 0:50
2
+ 0:05
2
+ 0:10
2
+ 2:75
2
= 3:02
(2.1)
???????????????????????????????????????
?????????????????????????????????????????
????????????????????????????
???Table 2.2???????????Uncertainty budget????????????
????????????????????????????????????????
????????????????????????????????????????
???????K????????????? 2??????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
???????????????????????????
12 ? 2? ????
2.4 ??
Table 2.3: Impurity concentrations (mass ppm).
Ingot No. Au Ag Pd Rh Al B Bi Ca Cr Cu Fe Mg Ni Pb Si Zn
UPP-2 4 0.2 <1 2 ND ND ND ND ND 0.9 <1 0.2 ND ND <0.1 ND
UPP-3 4 1 1 <1 ND ND ND ND ND 1 <1 0.1 ND ND <0.1 ND
UPP-4 0.4 0.6 2 <1 ND ND ND <0.1 <1 2 <1 0.5 ND ND 3 ND
UPP-5 0.2 0.9 2 <1 ND ND ND <0.1 <1 1 <1 0.5 ND ND 3 ND
UPP-6 <0.1 0.4 <1 <1 ND ND <1 <0.1 <1 0.6 <1 0.1 ND <1 <0.1 ND
UPP-8 2 0.8 2 <1 ND ND ND 0.1 ND 0.6 <1 0.5 ND ND 2 ND
UPP-9 <1 0.4 <1 2 ND ND ND <0.1 ND 0.6 <1 0.1 ND ND 0.5 ND
IND-1 52 30 32 60 3 10 <10 15 <1 <1 <1 <1 2 11 26 4
ND : less than level of detection Ir,Ru,Os,As,Co,Mn,Sb,Sn,Ti,W,Zr, and Mo are less than level of detection
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Figure 2.6: Results from ICP-mass spec-
trometry.
Table 2.3??????????????
????????????????????
????????????????????
????????????????????
????????????????????
????UPP-4?5????????????
????????????????????
?????????? 2?????????
????????????????????
??????????? 2?????????
????????????????????
??????????? 1????????
?4.2K???????????273.16K???
????10???????????????
???????R
273K
/R
4:2K
?Table 2.1?
???????? 1200?????????
??????????????????????????????? (16)????????
?????????????
???????????????????????????????????????
???????????????ICP????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????Au?Ca?Si?? 0.1ppm
???????????????????? Ir?ND????????????????
100ppm?????????????????????????????????????
?????????????????????????????????????????
10 ??? Residual Resistance Ratio??????:R.R.R.?????????????????????
?????????????????
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???????????????????????????????11???????
????????????????????????????????????????
???UPP??????????????????????????????????
?????????????????????????????????????????
?????????12??????????????????????????????
???????????????????????????
?? IND?????????????????????????????? 99.95%up
????
????????????????????13???????????????????
????????????????????????????7Li?9Be?23Na?24Mg?27Al?
44
Ca?45Sc?47Ti?51V?52Cr?53Cr?55Mn?56Fe?58Ni?59Co?60Ni?63Cu?64Zn?65Cu?
66
Zn?69Ga?73Ge?75As?82Se?85Rb?88Sr?89Y?90Zr?93Nb?95Mo?100Ru?102Ru?103Rh?
104
Ru?106Pd?107Ag?108Pd?109Ag?111Cd?114Cd?115In?118Sn?120Sn?121Sb?126Te?133Cs?
137
Ba?138Ba?139La?140Ce?141Pr?146Nd?147Sm?151Eu?157Gd?159Tb?162Dy?165Ho?
166
Er?169Tm?174Yb?175Lu?177Hf?178Hf?181Ta?182W?184W?185Re?191Ir?193Ir?197Au?
202
Hg?205Tl?207Pb?209Bi?232Th?238U? 63???77???????????????
????????????????????????????????????????
????????????14????????? UPP-4??????????????
UPP-6?????????????????????????????????????
???????????????????????? Fig. 2.6????????????
????????????????????????????????????????
???????
Table 2.3? Fig. 2.6??????????Fig. 2.6?????????????? Cu
????63Cu?65Cu???UPP-4???UPP-6?? 3????????Table 2.3???
??????UPP-4? 2ppm?UPP-6? 0.6ppm??????????????????
????????????Pd?Ag?????????????????????????
???????????????????????????UPP-4??????????
??????????? ppm???????????????????????????
????????????????????????????????????????
?????????????????????????????????
11 ??????????????????????????????????????????????
??????????????????????
12 ???????????????????????????????
13
Inductive Coupled Plasma - mass spectrometry?????????????????????????
????????????
14 ???? 3.3.1??20????????????????????????????
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3.1 ????????
? 3.2.1?????????????????????????????? 3.2.2???
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
????????????????????
1.??????????? f.c.c.?????????????????????????
???????????
2. 1?????????????????????????????????????
?????
3.???????????????????????????????????Dushman
?????????????????
3.2 ?????
3.2.1 ?????????
????????????????????????????????1944 ? S. Dush-
man, L.W. Dumbar and H. Huthsteiner
(17)????????????????1000K?
1200K?????????????????????????????????????
????????????????????????????????????????
???????????????????????????????? 2.3105J/mol??
?????????????? (18-22)???? 1950?? Carreker(23)? 77K?1550K??
????????????????????????????????????????
????????????????????????????????????????
???????
1.????????????????????????? (17;23)?
2.???????????? (17)?
3.?????????????? (17;23)?
16 ? 3? ??????????
????????????????????????????????????????
1957?? F.C. Child(24)?????????????????????????????
??????????????????????????
1.??????? 673K?1173K????????????????
2.??????????????????????????????????????
??
????????????????????????????????????????
?? (25)????????????????????????????????????
???????????????? 3??????????????????????
???????????????????????????????????????
????????????
3.2.2 ????????????????
???????????????????????????????????????
??????????3.1????????????
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????
??????????Q????D = D
0
exp ( Q=kT )?????????????3.1?
??Q?????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
? (18)?
???????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????????????????????????????????
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????????????????????????????????????????
???Nabarro-Herring???? (26;27)???????????????????????
1 ???? n???????????????????????
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????????????????????????????????? 2??????
???????????????????? (28)???????????????????
????????????????????????????????????????
???
Nabarro-Herring????????????????????????????????
????????????????????????????????????????
??????????3.1???????3.3??????????
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???3.3??????? n???????????????? 5???????? 3??
??????????????????3.3?????????????????????
??????????? (29;30)?
?3.3????????? d????????????????????????????
????????????????????????????????????????
0.1mm?????????????????????????????????? 0.1mm
?????????????????????????????????????????
????????????????????????????????????????
??????
???1962??Sherby(31)????????????????????????????
?????????????????????????????????????????
?????????????????????????????????????????
??????????????????????????????Feltham and Meakin(32)
???? 0.02mm?? 0.04mm??????????????????????????
????????????????????????????????????????
????????????????????
E.R. Parker
(33)?????????? 0.025mm?0.14mm?????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????Parker?????????????????
????????????????????????????????????????
?????????????????????????????????????????
????????????????????????????????????????
???????????
???????????????????????????????????????
?????????????????????????
???C.R. Barrett, J.L. Lytton and O.D. Sherby(34)???????????????
????????????????????????????????????????
????????????????? 0.1mm????????????????????
????????????????????????????????????????
18 ? 3? ??????????
????????????????????????????????????????
?????????????Parker??????????a??????????????
???????????b??????????????????????c????????
?????????????? 3??????????????????????Feltham
??????????????????????????
???????????????Barrett??????????????????
1. Parker???????????????????????????????????
???????????????
2. Feltham??????????????????????????????????
???????????
3. Feltham????????????????????????????
?????????????????????????????????????
1.???????????????????
2.???????????????
??????????????????????????????????? 3???
????????????
1.?????????????????
2.?????????????????
?? 2???????????????????????????????????
????????
3.????????????????? ???????
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???????????????????????????????????????
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Barrett????????????????????????????????????
????????????????????????????????? f.c.c.?????
????????????????????????????????????????
?????????????????????
1.???????
Barrett???????????????????????? 0.03mm?0.77mm???
?????????????????????????a?697K?35MPa??b?742K?
21MPa??c?899K?21MPa? 3????????????????????????
????????????????????????????
2.??????????
??????????????????????????????????????
????????????
Barrett????????????????????????????????????
????????????????????????????????????????
??????J.D. Parker and B. Wilshire(35)????????????????????
?????????????????????????????????????????
??????????????Barrett??????????????????? Barrett
???????????????????
3.3 ????
?????????????????????????????????
???????????????????????????????????????
????????????????????
 ??????????????????????????????????????
?n? 5???????????????????????????????????
????????????????????????????????
 ?????????????????????????????????????
???????????????????????? (36;37)?
?????????????????????????????????
 ??????????????Strain-burst????????
 ???????????????????????????????????????
??????????????????????????????????? (36;37)?
????????????????????????????????????????
???
20 ? 3? ??????????
 ?????????????????????????
???????????????????????????????????????
?????????????????
3.3.1 ??????????????
??? ???????????????????????? 1???????????
???????????? 3.3.2?????????????????????????
?????????????????????????????????????????
???????????????Table 2.1?2.3????UPP-2?4?5?6????
Figure 3.1: Initial microstructure of UPP-4
annealed for an hour at 1673K.
????? Figure 3.1 ????????
?????????????? 0.15mm?
0.2mm????????????????
????????????????????
?????????????????673K
???? 1673K?????? 1?????
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????????????????????
????????????????????
????????????????????
?????????????????????????????????????????
?????????????????????????
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Figure 3.2: Creep curves at 1673K from ingot
UPP-4.
?????? Figure 3.2????????
?? 1673K??????????? (38)??
?????Table 2.3??UPP-4?????
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?????3MPa????????,??,?
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??????????? 2.5MPa?????
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Figure 3.3: A creep curve at 1673K and
2.0MPa.
???????????? Figure 3.4?a?,
?b???UPP-4????????????
???????????????????
????????????????????
????1mm???????Figure 3.4?a?
??1473K?4.5MPa???????????
?????????????????Figure
3.1??????????????????
???????????????????
???????????????????
????????????????????
????????????????????
??1573K???????????????
?????????? Fig. 3.4?a?????????
22 ? 3? ??????????
Figure 3.4: Microstructures of the crept spec-
imens from ingot UPP-4.
?? 1673K?????????????
??????1573K???????????
????????????????????
????????????????????
????????????????????
???????????????????
???????????????????
???????????1673K 1.0MPa??
??Fig. 3.2?e?????????????
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????????????????????
????????????????????
???????1673K?3.0MPa?????
???????Fig. 3.2?a????Fig. 3.4
?b???????????????????????????????????????
????????????????????????????
Figure 3.5: Wide surface of the crept speci-
mens from ingot UPP-4.
???????????? Figure 3.5??
?????????????????1673K
2.5MPa???3????????????
???Fig. 3.5?a????????????
???????????????????
???????????????????
????????????????????
??????????????????Fig.
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??????????? thermal etching?
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Figure 3.6: Creep curves for dierent ingot.
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Figure 3.7: A creep curve at 1773K and
1.0MPa from ingot UPP-5.
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? Figure 3.6?????????????
UPP-2?Fig. 3.6?a???4?Fig. 3.6?b???
6?Fig. 3.6?c?????????????
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???????
Figure 3.7?UPP-5?????????
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????????????????????????????????????????
?????????????????????????????? 1673K???????
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????????????????????????????????????????
??????????????????????????????????
24 ? 3? ??????????
Figure 3.8: Microstructure of a specimen af-
ter creep interruption.
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Figure 3.9: A creep currve after creep inter-
ruption.
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Figure 3.10: Wide surface after creep interruption from ingot UPP-4.
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Figure 3.11: Microstructures after isothermal annealing at 1673K.
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Figure 3.12: Back scattered Laue patterns from a crept specimen.
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Figure 3.13: Initial microstructures after pre-annealing.
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Figure 3.14: Examples of creep curves for
specimens with various grain-sizes.
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Table 3.1: Initial grain-size of the specimens.
Annealing Grain size 
1

2
Specimen thickness
Specimen temperature (mm) (%) (%) 1mm 0.5mm 5mm
High-Purity 1673K 0.18 3 2 ? | ?
Platinum 1973K 0.52 5 5 ? | ?
Industrial 1273K 0.21 10 9 ? ? |
Grade 1473K 0.40 11 17 ? ? |
Platinum 1973K 0.64 18 14 ? ? |

1
: standard deviation within a sample

2
: standard deviation between samples
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Figure 3.15: Steady-state creep rate of Platinum at various temperatures.
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Figure 3.16: Microstructures of high purity Platinum before and after the creep test.
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Figure 3.17: A 5mm specimen comparing
conventional 1mm specimen.
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Figure 3.18: Microstructures of 5mm specimens.
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Figure 3.19: Creep curves of 1mm and 5mm thick specimens.
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Figure 3.20: Steady-state creep rate at various temperatures.
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Table 3.2: Activation energy of the steady-state creep rate of pure Platinum.
Grain Stress T
1
(K) _"
1
T
2
(K) _"
2
Q (10
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2.32
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2.89
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Figure 3.21: The temperature dependence of
elastic moduli.
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Figure 3.22: Creep test condition in this investigation and other conditions reported pre-
viously.
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Figure 4.1: Microstructures of Platinum-10%Rhodium alloy before and after the creep test.
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Figure 4.2: Creep curve examples of Platinum-10%Rhodium alloy.
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Figure 4.3: Steady-state creep rate and creep rupture time of Platinum-10%Rhodium alloy.
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Figure 4.4: Microstructures of dierent grain size specimen of Platinum-10%Rhodium alloy
before and after the creep test.
Table 4.1: Initial grain-size of the Platinum-10%Rhodium specimens.
Annealing Grain size Symbol
Specimen temperature (mm) 1mm 0.5mm
1473K 0.2 ? -
Pt-10%Rh 1673K 0.35 ? ?
1973K 0.6 ? ?
50 ? 4? ???????????????
7 8 9 10 20 3010
–7
10–6
10–5
10–4
Stress, σ/MPa
St
ea
dy
–
St
at
e 
Cr
ee
p 
Ra
te
, ε
/s–
1
n=4.1
Figure 4.5: Steady-state creep rate of
Platinum-10%Rhodium alloy with various
grain size and thickness.
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Figure 4.7: Creep curve examples of Platinum-20%Rhodium alloy.
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Figure 4.8: Steady-state creep rate and creep rupture time of Platinum-20%Rhodium alloy.
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Figure 4.9: Microstructures of Platinum-20%Rhodium alloy before and after the creep test.
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